We compared four decontamination methods for the isolation of mycobacteria from soil specimens. Different media were used : Lowenstein-Jensen, Ogawa and various modified Ogawa media. Statistical analysis demonstrated that the best results (low contamination and high positivity rates) were obtained when the specimens were incubated in trypticase soy broth, treated with solutions containing malachite green and cycloheximide, then decontaminated with sodium hydroxide and inoculated onto Ogawa media. The lowest contamination rates were obtained with Ogawa medium containing 500pg cycloheximide ml-l. The use of these techniques is proposed for the isolation of mycobacteria from heavily contaminated clinical specimens as well as from soil.
I N T R O D U C T I O N
The isolation of mycobacteria from specimens heavily contaminated with other microbes, such as soil, requires decontaminating procedures and selective media to overcome the multiplication of the other bacteria or fungi. Various methods have been described for the isolation of mycobacteria from environmental samples (see review by Songer, 198 1) . None of them are ideal, mostly due to the loss of cultures through growth of contaminants when the decontamination methods are too mild, or to the loss of mycobacteria when these methods are too drastic. Moreover, little information is available on the number of cultures which are lost due to contamination by other environmental micro-organisms.
During extensive studies of mycobacteria from the environment in Zaire (Portaels, 1973 (Portaels, , 1978 (Portaels, , 1980 and in the southeastern United States (F. Portaels, unpublished results) , a large number of mycobacterial strains were isolated from soil samples. Different decontamination methods were used (Petroff, 1915; Corper & Stoner, 1946; Kubica et al., 1963; Wolinsky & Rynearson, 1968; Beerwerth & Schurmann, 1969) ; those using NaOH (Petroff, 1915) and those using sodium hypochlorite (Kubica et al., 1963) were less effective than the other methods, mostly due to the loss of cultures by contamination (Portaels, 1978) .
For the present study, the choice of decontamination methods was guided by those previous findings, and different media have been compared in order to find a procedure which will permit the isolation of high yields of mycobacteria from heavily contaminated specimens such as soil. A statistical analysis of the results is presented in detail since it enabled us to determine the optimum conditions for the isolation of mycobacteria from soil.
METHODS
Soil samples. A total of 35 soil samples (approximately 5 g each) were collected in the savannah around New Iberia (Louisiana, USA) in sterile plastic flasks. 
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Decontamination methods. Four decontamination methods were used. For method I, soil (0.5 g, wet weight) was suspended in 5 ml sterile water. The mixture was shaken vigorously. After allowing large particles to settle, the supernatant was collected and then treated with 10% (w/v) Na3P0, as described by Corper & Stoner (1946) .
For method 11, soil (0.5 g, wet weight) was suspended in sterile water as in method I and treated first with NaOH and subsequently with oxalic acid as described by Beerwerth & Schurmann (1969) .
Method 111 is a modification of the method of Wolinsky & Rynearson (1968) . To 0.5 g soil (wet weight), 5 ml sterile trypticase soy broth was added. The mixture was shaken vigorously and incubated at 37 "C for 5 h to allow spore-forming bacteria to germinate so that they would be killed by the subsequent treatments. To the supernatant were added 5 mlO.2% malachite green, 1 ml cycloheximide (500 pg ml-*) and 5 ml 1 M-NaOH. After 30 min at room temperature the mixture was neutralized with 1 M-HC~, then centrifuged at 2000g for 15 min. The supernatant was discarded and the sediment was inoculated onto different media.
Method IV results from the combination of methods I1 and 111. To 0.5 g soil, sterile solutions of 0.2% malachite green (5 ml) and cycloheximide (1 ml at 500 pg ml-I) were added, and the mixture was shaken vigorously. After settling, 5 ml 1 M-NaOH was added to the supernatant. After 30 min at room temperature the mixture was centrifuged at 2000g for 15 min. The Supernatant was discarded and the residue suspended in 10 ml oxalic acid (5%, w/v). The mixture was kept at room temperature for 30 min and then centrifuged at 2000g for 15 min. The supernatant was discarded. The sediment was washed with sterile distilled water, and then inoculated onto different media.
Growth media. Each treated sample was inoculated onto two reference media : Lowenstein-Jensen (LJ) medium and Ogawa (OG) medium (Pattyn & Portaels, 1980) and onto different Ogawa media modified as follows: Ogawa medium without malachite green (0); Ogawa medium supplemented with mycobactin from Mycobacterium smegmatis (prepared and kindly supplied by Dr R. Hall, University of Hull, UK) at a final concentration of 40 pg ml-* (OGM); Ogawa medium containing cycloheximide (Sigma) at a final concentration of 500 pg ml-l (OGC). Ogawa medium without malachite green containing cycloheximide (500 pg ml-I , final concentration) (OC); Ogawa medium supplemented with NaCl (1 %, w/v) (OGN).
In general, two tubes of each medium were inoculated with each treated soil sample. However, a few samples were not inoculated onto all the media, due to operational difficulties in the field.
Incubation of mycobacreria. The inoculated media were incubated at 30 "C for 6 months and observed every fortnight. In every tube suspected of being positive for mycobacterial growth, some colonies were selected and separately subcultured on the same medium as the primary culture; the colonies were checked for acid fastness by Ziehl-Neelsen staining.
The mycobacterial strains isolated were identified as described by Jenkins et al. (1982) , but their identity will not be described here as it is not relevant.
Statistical analysis. The following three parameters were studied : (i) the Contamination rate (number of contaminated tubes/total number of tubes inoculated); (ii) the positivity rate (number of positive tubes/total number of uncontaminated tubes); and (iii) the overall positivity rate (number of positive tubes/total number of inoculated tubes). Rate ratios were calculated as the ratio between the contamination or positivity rate in the method or medium that has to be assessed, and the corresponding rate in the reference medium and method.
Statistical tests used were the x2 test or, when required, a Fisher's exact test. If the statistical test result was significant, then the 95% unilateral confidence limit around the rate ratio was calculated, using the test-based approach (Miettinen, 1976) .
R E S U L T S
The number of contaminated and positive cultures and the total number of inoculated tubes are indicated, for each method and each medium, in Tables 1 to 6. The number of mycobacterial colonies in the positive cultures varied between one and ten.
Comparison of LJ and OG media
For this comparison all four decontamination methods (I, 11,111, IV) were used. As indicated in Table 1 , contamination rate was higher on LJ than on OG for each of the decontamination methods. The overall ratio of the contamination rate on LJ versus that on OG was 1.40. Thus the contamination rate of the test tubes containing LJ was 40% higher than those with OG ( P~0 . 0 1 ) .
The unilateral 95% confidence limit was 1-12; therefore if this work should be repeated, on 95% of occasions the contamination rate would be at least 12% higher in isolates grown on LJ than in isolates grown on OG.
The ratio of the positivity rate of tests on LJ versus that of tests on OG was 0.92 (Table 2) . Thus, the positivity rate on LJ was 8% less than that on OG, but this was not significant (P > 0.05). However, the overall positivity rate ( consistently higher regardless of the decontamination method used. This difference was highly significant (P < 0.01). Therefore, in the following study, growth on OG was used to compare the effect of decontamination methods and as the baseline to compare the effect of modifications to the growth medium.
Comparison of the decontamination methods Although the decision was made not to use LJ after preliminary work, that preliminary work included a comparison of the four decontamination methods prior to inoculation of samples onto LJ. For the sake of completeness, the results are presented in this section. There was significantly less contamination (Table 1) after decontamination by methods I11 and IV than after decontamination by methods I and 11. However, there was no significant difference in decontamination between methods I11 and IV. All four decontamination methods produced similar positivity rates ( Table 2) , there being no significant difference between methods I, 11, I11 and IV. The overall positivity rate (Table 3) was significantly higher for methods I11 and IV than for methods I and 11. There was no significant difference between methods I11 and IV.
When samples were inoculated onto OG, the following results were obtained. Contamination rate. There was no significant difference between the contamination rates after decontamination by the four methods (Table 1) .
Positivity rate. As shown in Table 2 , on OG, there was a significant difference between the relative frequency of positive results between methods I11 (95 %) and I1 (77%) (x2 = 11.6; P < 0-Ol), and between methods I11 (95%) and I (79%) (x2 = 4.3; P < 0.05). There was no significant difference between methods IV (90%) and 111 (95%) (x2 = 1.97; P > 0.05). Table 3 , there was a significant difference between methods I11 (81 %) and I1 (41 %) (x2 = 16; P < 0.001) and between methods I11 (81 %) and I (53%) ( x 2 = 6.8; P < 0.01). There was no significant difference between methods IV (67%) and
Overall positivity rate. As shown in
In order to find out the one best decontamination method, methods I11 and IV were next I11 (81 %) ( x 2 = 2.4; P > 0.05).
compared using Ogawa medium and modified Ogawa media.
Comparison of decontamination methods III and IV using Ogawa and Ogawa-based media Contamination rate. The contamination rate for each medium is shown in Table 4 . When results for inoculation onto all six media were pooled, there were at least 33% fewer contaminated tubes with method I11 than with method IV (x2 = 7.47; P < 0.01).
Positivity rate. There was no significant difference in the positivity rates between methods IV and I11 (x2 = 1.5; P > 0.05) ( Table 5) .
Overallpositivity rate. When results with all six media were pooled, the overall positivity rate was significantly higher for samples which were decontaminated by method I11 rather than by method IV (Table 6 ). The overall positivity rate was 20% higher with method I11 than with method IV ( x 2 = 7.9; P < 0.01).
These results showed method I11 to be the most satisfactory decontamination procedure.
Comparison of the various Ogawa-based media using decontamination method 111 To ascertain the best growth medium, rates of contamination and positivity were compared for samples decontaminated by method 111, between five modified Ogawa media and Ogawa medium (OG). Since the objective was to find a better medium than OG, P values were only calculated when the rate ratio was less than one (i.e. less contamination than in the reference OG) in the case of the contamination rate (Table 4) and equal or greater than one in the case of the positivity rate (Table 5 ) or the overall positivity rate (Table 6) .
Contamination rate. Only on one medium, OGC, was there significantly less contamination (P = 0.0017, Fisher's exact test) than on OG (Table 4) . * Decontamination with malachite green, cycloheximide, NaOH and oxalic acid. t Incubation in trypticase soy broth followed by decontamination with malachite green, cycloheximide and NaOH.
Selective isolation of mycobacteria from soil
$ x 2 (1) = 7.47; P < 0.01. t Incubation in trypticase soy broth followed by decontamination with malachite green, cycloheximide and $ x ' (1)=1*5; P>O.O5.
NaOH. t Incubation in trypticase soy broth followed by decontamination with malachite green, cycloheximide and $ x2 (1) = 7.9; P < 0.01 ; unilateral 95% confidence limit = 1-08.
NaOH.
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Positivity rate. Only on one medium, 0, was there a higher positivity rate (Table 5) than on OG, but the difference was not statistically significant. OC and OGC media gave the same results as OG; the other two media gave a lower positivity rate.
Ouerallpositiuity rates. OGC medium gave a better overall result than OG, but the difference was not statistically significant (Table 6 ).
D I S C U S S I O N
The superiority of OG compared to LJ might be partially related to the pH of the media (pH 6 for OG and pH 7 for LJ). Although most mycobacterial species do grow at pH 7, mycobacteria grow optimally at a lower pH (Chapman & Bernard, 1962; George & Falkinham, 1985) . Therefore, the Ogawa medium with a pH of 6 seems to be more appropriate for the primary isolation of mycobacteria from environmental, animal or human sources (Portaels & Pattyn, 1981; Portaels et al., , 1985 .
The present study on soil specimens showed that addition of mycobactin did not significantly enhance positivity. However, in other studies the inclusion of mycobactin for the isolation of mycobacteria from specimens from diseased humans or animals significantly enhanced the positivity and allowed the isolation of some strains which were missed with other media (Thoen et a/., 1979; Portaels et al., , 1985 .
Several authors have used malachite green to decontaminate environmental samples (Beerwerth, 1967; Wolinsky & Rynearson, 1968 ; Goslee & Wolinsky, 1976) . However, although most mycobacterial species are not inhibited by malachite green, a few are (Portaels et al., 1986) . Therefore, media without malachite green should also be used for the isolation of mycobacteria from environmental or clinical samples.
This study also shows that when mycobacteria are cultivated from soil specimens, both pretreatment with cycloheximide (as in decontamination methods 111 and IV) and the addition of this antifungal antibiotic to Ogawa medium (OGC) are effective in preventing contamination by fungi. But cycloheximide was found ineffective in preventing fungal growth from sputum (Corper & Cohn, 1952) and from bovine faeces (Merkal & Richards, 1972) . Additional studies are necessary to determine the susceptibility of mycobacteria to cycloheximide.
From the present statistical analysis, it may be concluded that the best results (low contamination and high positivity rates) were obtained when the specimens were incubated in trypticase soy broth, then treated with solutions containing malachite green and cycloheximide, decontaminated with sodium hydroxide (method 111) and inoculated onto Ogawa media. The lowest contamination rates were obtained with Ogawa medium containing 500 yg cycloheximide ml-I. Tests are currently under way to determine whether the best methods and media described here can also be used for the isolation of mycobacteria from other heavily infected specimens, e.g. human faeces. This would be very useful for detection of mycobacteria from patients with acquired immunodeficiency syndrome. Selective medium for the isolation and enumeration of Mycobacterium avium-intracellulare and M .
